The development of in vitro systems, in which normal cells do not proliferate but their neoplastic counterparts do, is important for an understanding of the neoplastic state. With the crown gall tumor of plants (1) , fragments of tumor tissue are able to grow on White's medium; normal tissues do not grow. In the present study, a system based on the crown gall model has been devised for adult chicken fibroblasts that have been transformed by the Schmidt-Ruppin Rous sarcoma virus. Development of the present system was based on the demonstration that the proliferation of normal rat thymus and bone marrow cells is controlled, in vitro and in vivo, by the extracellular concentration of calcium ions, and by hormones and other agents that affect the access of calcium ions to the cell; the calcium ions, in turn, act by determining the cellular levels of the mitogenic compound cyclic adenosine 3': 5'-monophosphate (refs. 2-17; J. P. MacManus and J. F. Whitfield*, personal communication).
In the present communication, it will be shown that normal chicken fibroblasts, like rat thymus and bone-marrow cells, require appreciable extracellular concentrations of calcium ions or of factors peculiar to serum, but not to plasma, to initiate their division, whereas the proliferation of transformed fibroblasts is relatively independent of these agents.
MATERIALS AND METHODS Media and medium components
Synthetic medium. The synthetic medium used in these experiments, a major modification of CMRL-1415 (18) , is given in Table 1 .
Abbreviation: EGTA, ethylene glycol-bis-(O-aminoethyl ether)-N,N'-tetraacetic acid (a specific chelator of calcium that does not significantly affect magnesium ion concentration). * National Research Council of Canada, Ottawa. 271
The balanced salt solution of the medium was made in accordance with values for chicken-plasma electrolytes (19) . For trypsinization, growth, and transformation of cultures, calcium was used at 1.44 mM (160 mg/liter), the ultrafiltrable calcium concentration of plasma. For experiments, calciumfree synthetic medium was used, to which was added appropriate amounts of 100 mM CaCl2 in normal saline. The magnesium concentration in the synthetic medium was 0.68 mM, the ultrafilterable magnesium concentration of plasma (20, 21) . Lactic acid and sodium pyruvate were included at concentrations that occur in mammalian plasma, as were glutamine and asparagine. Phenol red was not used.
Commercial chicken serum. Heat-inactivated commercial chicken serum (Grand Island Biological Co.) was used at 10%
concentration for growth and transformation of cell cultures. Commercial serum was received and stored frozen; it was thawed, held at 560C for 30 min (to inactivate contaminating avian leucosis viruses), and then used within 10 days of thawing. Preparation of inactivated plasma and inactivated serum. Heat inactivation, as routinely performed to destroy contaminating avian leucosis viruses, does not affect the growthpromoting properties of serum. It was, therefore, anticipated that a preparation of heat-inactivated plasma might be fully Blood for inactivated plasma was transferred to 50-ml polypropylene tubes and centrifuged at 4°C in an International PR6 Centrifuge with a swinging bucket rotor. Three 30-min centrifugations at 500 X g were followed by one 40-min centrifugation at 2000 X g. This procedure removed the formed elements. The chilled plasma was then transferred to fresh siliconized tubes and immersed in a 56°C water bath for 30 min. A copious fibrinogen precipitate formed. The precipitate was removed at 27,000 X g for 30 min in a cold room. The heat-inactivated plasma so prepared did not clot.
Blood for inactivated serum was clotted at 41'C in 2-liter Erlenmeyer flasks, 50-60 ml of blood per flask. Clotting was usually complete by 1-1.25 hr. The flasks were then put in a tilted position and allowed to remain in the 41'C room for an additional 6 hr. By that time, expression of serum from the clot was complete, with very little hemolysis. The serum was next transferred to siliconized tubes and held at 560C for 30 min.
Inactivated serum and inactivated plasma were used within a few davs or stored at -150C. In either case, they were lightly centrifuged before use.
Storage of media. Synthetic medium and test media were stored in polypropylene bottles.
Incubation conditions and labware
Cultures were incubated at 410C, the body temperature of the chicken, in modified Boekel desiccators in a warm room.
They were continuously gassed with 5% CO2 in air. The gas mixture was hydrated by dispersion into two serially-connected 20-liter carboys of water. Repeated checks indicated that fluid volume did not change in the culture dishes.
Aseptic technique was used throughout this work. All cultures were prepared with disposable plasticware in disposable plastic tissue culture dishes (Falcon). 5 ml of medium were used per 60-mm dish, and 2 ml per 35-mm dish.
Cell suspensions were dispensed into culture dishes from polypropylene bottles because it was found that freshly trypsinized cells attached in appreciable numbers to glass bottles.
Preparation, passage, and transformation of cell cultures Preparation of primary cultures. Primary cultures were prepared from the pectoral muscles of 8-week-old, Specific Pathogen-Free COFAL-negative cockerels (Spafas, Inc., Norwich, Conn.). Both muscles were excised under sterile conditions and shredded with 4 No. 11 scalpel blades set on a common handle. The shredded muscles were then trypsinized with 0.10% Difco trypsin 1/250 in synthetic medium in a 125-ml Bellco trypsinization flask.
Thirteen 10-min trypsinization cycles of 50 ml each were done: the first 5 cycles were discarded because they were too viscous with actomyosin and too contaminated with fragments of myotubules; the last eight were poured through clinical gauze pads into 50-ml disposable tubes containing 5 ml of inactivated chicken serum. The tubes were held in ice and then centrifuged in an International PR6 centrifuge at 2000 X g for 30 min at 4VC. Each of the eight pellets obtained was suspended in 5 ml of synthetic medium-10% chicken serum; the cell suspensions were pooled and used to seed eight 60-mm dishes with 5 ml of suspension per dish. The seeding densities ranged from 2 to 4 X 106 cells per 60-mm dish. About 40% of these cells were attached and viable on the succeeding day. Culture medium was changed to fresh synthetic medium-10% serum on days 1 and 3 and on each day thereafter.
By day 5-6, primary cultures had reached confluency and extensive fusion of myoblasts to form myotubules had occurred, leaving fibroblasts as the predominant mononuclear elements. Myotubules are end-stage structures and are lost when primary cultures, in which they have formed, are passaged. Secondary cultures were, therefore, seeded with a relatively homogeneous population of fibroblasts.
Preparation of secondary cultures and transformation by sarcoma virus. Growth medium was gently aspirated from primary cultures and replaced with 3 ml of Difco trypsin, 0.025%, in synthetic medium. After 1 hr in the incubator, cells were collected, 1 part of serum was added to 9 parts of cell suspension, and the suspension was centrifuged at 225 X g for 15 min at room temperature. The pellet was suspended in synthetic medium-10% inactivated serum, and the suspension was passed through a clinical gauze pad. Cells were diluted to 2 X 104/ml in synthetic medium-10% serum, and 5 ml of this suspension was seeded per 60-mm dish (1 X 105 cells per 60-mm dish).
After 24 hr of incubation, growth medium was aspirated off and 1.5 ml of Schmidt-Ruppin virus inoculum or control inoculum added. The virus inoculum was culture fluid from confluent transformed cultures; control inoculum came from corresponding normal cultures. After a 3-hr adsorption period in the incubator, with tilting every 10 min, an additional 4 ml of synthetic medium-10% chicken serum was added to each dish. Medium was changed to fresh synthetic medium-10% serum on days 2 and 3. Transformed and normal secondary cultures were passaged into tertiary test cultures on day 4. The morphological appearance of transformed cells was the same as that described by Hanafusa for chick-embryo cells infected with the Schmidt-Ruppin virus (22) . Cell transformation, as judged by culture morphology, was generally complete by 2 days after innoculation of cultures with virus.
Preparation of tertiary normal and transformed cultures. Growth medium was gently aspirated from confluent normal and transformed secondary cultures and replaced with 3 ml of 0.025% Difco trypsin in synthetic medium. After 50 min in the incubator, trypsinized suspensions were collected and centrifuged at 225 X g for 15 min at room temperature. The pellets were washed twice with 10 ml of synthetic medium. The pellets were then suspended in calcium-free medium with 5% inactivated plasma, and triturated 20 times. The suspensions were passed through single clinical gauze pads, counted, and diluted with calcium-free synthetic medium-5% inactivated plasma for seeding from polypropylene bottles by pipette. Two 35-mm dishes were seeded at a time, preceded by right-angle agitation of the reservoir bottle. This procedure assured that replicate dishes received equal numbers of cells. As they were seeded, dishes were put into trays and allowed to stand on a benchtop for 30 min before being moved to the incubator. During this time, cells became adherent to the dishes, and even distribution was thus consistently obtained.
On the day after seeding of the tertiary cultures, they were changed to test media to begin the experiments.
Antibiotics. Primary cultures were prepared with ampicillin, 100,ug/ml, chlortetracycline, 50,ug/ml, and amphotericin B, 2.5 ,ug/ml. In secondary and tertiary cultures, only ampicillin was used.
Cell counts. Test media were aspirated from dishes, and 1 ml of calcium-and magnesium-free balanced salt solution, with 0.025% Difco trypsin and 0.01% Dow Corning Antifoam-F, was added. After 1.5-2 hr in the incubator, 0.05 ml of calf serum and 0.05 ml of 20-times concentrated physiological calcium and magnesium were added. Contents of the dishes were triturated (with #1540-15 Medglass disposable Pasteur pipettes) 30 times for dishes that had held serum-containing media and 15 times for dishes that had held plasma-containing media. (The serum dishes contained more cells.) With the last trituration, hemocytometers were filled. Cells were counted Inactivated plasma and inactivated serum were prepared from the same lot of blood. In Expt. 1, culture media were changed on days 3, 5, 7; in Expt. 2, on days 2, 4, and 6. The number of dishes used in a given trial is indicated in parentheses.
* In 91% calcium-free synthetic medium-4% 2.5 mM EGTA in calcium-free synthetic medium-5% serum or plasma. t 16 add tional cultures were carried to th's point for use in the experiment represented in Table 3. lated. Repeated trituration and counting showed that no cells were lost in the counting procedure.
Test media of different calcium concentrations
Test media of different calcium ion concentrations were made by combining calcium-free synthetic medium, appropriate amounts of 100 mM CaCl2 in normal saline, and 5% inactivated plasma or inactivated serum. To obtain calcium concentrations lower than that of 95% calcium-free synthetic medium-5% inactivated plasma or serum, the following procedure was followed: a solution of EGTA equal in concentration to the total plasma calcium (2.5 mM) was made in calcium-free synthetic medium. A test medium composed of 91% calciumfree synthetic medium, 4% 2.5 mM EGTA in calcium-free synthetic medium, and 5% plasma or serum, thus contained, in active form, calcium equivalent to that in 99% calcium-free synthetic medium-1% plasma or serum (about 25 gM).
In trial experiments, it was found that use of 2.5 mM under phase contrast, and the numbers of cells per dish calcu-EGTA in concentrations greater than 4% caused cell degen- eration or death; hence, concentrations in excess of this figure were not used in subsequent experiments.
RESULTS
When, in separate trials, the concentration of calcium in the synthetic component of a medium containing 5% inactivated plasma was reduced from the physiological level of 1.44 to o mM, the multiplication of normal chicken fibroblasts diminished progressively. When 80% of the calcium that was unavoidably introduced into the calcium-free synthetic medium with the inactivated plasma was complexed with EGTA, cell multiplication almost stopped (Fig. 1, Table 2 ). The slow proliferation of cells in the low-calcium-plasma medium was associated with a marked increase in cell size, but the cells appeared to remain mononucleate.
The markedly diminished proliferation of cells exposed to EGTA in a low-calcium-plasma medium was not due to loss of viability. When normal fibroblast populations were incubated for 9 days in a low-calcium-EGTA-plasma medium, the number of cells per dish rose from an initial value of 0.8 X 104 to 3.6 X 104 (Table 2, Expt. 1). The cell number did not increase during a further 6 days of incubation in this medium (Table 3) . When calcium was added to the medium at 9 days, however, there was strong stimulation of cell multiplication (Table 3) .
In contrast to the marked sensitivity of normal fibroblast division to the calcium concentration in a plasma-containing or serum. The medium was 91% calcium-free synthetic medium-4% 2.5 mM EGTA solution in calcium-free synthetic medium-5% heat-inactivated plasma or heat-inactivated serum. The serum and plasma were prepared from the same lot of blood. Culture media were changed on days 2, 3, 4, and 6. Points represent the average of two culture dishes. environment, transformed fibroblasts were insensitive to calcium removal and multiplied appreciably in a low calcium, plasma-containing, medium. The striking difference between the proliferative response of these two cell types to calcium deprivation is shown in Table 2 and is illustrated by Figs. 2 and 3. It would appear that after transformation with Rous sarcoma virus, a fibroblast largely loses its requirement for extracellular calcium for multiplication.
Inclusion of serum, instead of plasma, in the medium strongly stimulated the proliferation of normal and tumor cells (Fig. 3, Table 2 ). When the calcium concentration was reduced in the serum-containing medium, there was a lowering of the rate of proliferation of normal cells, but the rate did not fall to the extremely low level observed in low-calcium-plasma medium (Table 2 ). In contrast to the situation in plasmacontaining medium, in which the lowering of the calcium concentration had no effect on tumor-cell proliferation, there was a lowering of the rate of multiplication of tumor cells when the calcium concentration was reduced in serum-containing medium ( Table 2) .
The strong mitogenic effect of serum obscured the difference between the proliferative behaviors of normal and tumor cells cultivated in a low-calcium medium. Under these conditions, there was little or no difference between the initial rates of multiplication of normal and tumor cells (Fig. 3) . The tumor cells, however, continued to multiply for some time after the normal cells had reached saturation density, and the final cell Cultures used in this experiment were prepared as part of Expt. 1, Table 2 ; this experiment was begun on the 9th day of that experiment.
Inactivated plasma and inactivated serum were prepared from the same lot of blood. Culture media were changed on days 2 and 4. The number of dishes used in a given trial is indicated in parentheses.
* In 91% calcium-free synthetic medium-4% 2.5 mM EGTA in calcium-free synthetic medium-5% serum or plasma.
number in the cultures of transformed cells was higher than in the normal cultures (Fig. 3) . Thus it would appear that there is a factor(s) present in serum, but not in plasma, that stimulates the multiplication of both normal and tumor cells, thereby obscuring the difference between the two types of cells as well as obscuring the mitogenic effect of calcium.
Like calcium, the factor(s) peculiar to serum stimulated the multiplication of normal cells that had been slowed by incubation for 9 days in low-calcium-plasma medium. For example, in the experiment of Table 3 , replacement of the low-calciumplasma medium of the mitotically quiescent cultures with low-calcium-serum medium caused a considerable stimulation of cell multiplication. It should be noted that replacement of the low-calcium-plasma medium with physiological calcium (1.44 mM)-serum medium caused the largest increase in cell proliferation (Table 3) . DISCUSSION
The present observations indicate that the concentration of ionic calcium in the medium determines the rate and extent of multiplication of normal chicken fibroblasts in vitro. This phenomenon suggests that the proliferation of these cells in the mature animal may be controlled, at least in part, by hormones and other agents (such as polyanionic matrix substances) which affect access to the cells of calcium ions from the interstitium. Whereas multiplication of normal chicken fibroblasts is limited and controlled by the concentration and access of ionic calcium, cells transformed by the Rous sarcoma virus appear to have gained independence from these environmentallyimposed controls. These observations suggest that the autonomy of the neoplastic cell may involve calcium-related functions. The neoplastic cell, in the face of calcium restriction, may synthesize mitogenic substances which the normal cell synthesizes in smaller amounts or not at all.
It is evident from the present observations that some mitogenic factor(s) not present in plasma appears in serum during its preparation from blood. This factor(s) initiates the multiplication of normal and tumor cells in a calcium-deficient environment and thereby obscures the difference between the proliferative behaviors of the normal and transformed cells. While the nature of this factor(s) is not yet known, it is highly likely that it is liberated from plasma precursors or from thrombocytes in the course of the clotting reaction.
The use of serum instead of plasma in tissue cultures may impart to these systems the growth-promoting properties of wounds rather than the growth-controlling properties of normal tissues. By including heat-inactivated plasma in culture media, it is possible to demonstrate significant differences between the proliferative behaviors of normal and neoplastic cells. The use of such a culture system may facilitate determination of the mechanisms underlying neoplasia.
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